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^3. Jl-n-^^^ ^-g-tl MI MO-OFDM Xj^t^oll ^ o] 

Ji-^^^^ OFDM Al^t^ofl ^-g-^>^ ODFM^ ^> -^it># 511-^1-1^ A-^ ^ 

^ ^^^^ ^^^> mmo] ^^>^3il-ofl =-^^>rt^ 11^^^^ 

^, JZ-^^tl^l 3I1:b«J^^# #-o1JZ JZ-^^^^ ^'l^ol OFDM ^l^t^ollx^:^ ^^t] S 

:£ 1 

[AHolol] 

MIMO, Jl-n-^^^, OFDM, ^7] 311:^^1^ ^+7] 3I]:^wfl 
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L =^ o — 1 o o J 



JZ-n-^ ^-g-^ MIMO-OFDM ^l^^l {A MIMO-OFDM SYSTEM USING 

EIGENBEAMFORMING TECHNOLOGY} 

:£ 1-^ ^ "U^^ ^ill ^ A] oil oil Tcl-€- MIMO-OFDM ^l^t^^ M-^l-ufl^ 
^ 2^ ^ ^^^^ ^il2 ^Al oil oil MIMO-OFDM ^1^:^^^ M-^i-fl^ 

<3> S. 1^^^ MIMO (Multiple Input Multiple Output) -OFDM (Orthogonal Frequency 

Division Multiplexing) XI^e^oH ^t] -u}^^ ^3. Ji-n-^^^ 

(Eigenbeaniforming)# ^-g-*} MIMO-OFDM AI^e^oH ^ ol . 

<4> (beamforming) 7l^^ ^^>^ o1^# >g ^ W# ^ 

oil Al-g-Sl^ril, MIMO Al^t^oflAH:^ ^^J: ol-g-^1-71 ^*>o^ ^fl^oll 

(beamforming) 7l## ^-g-^l" ^ S^l^. ^^i!-^^^ 3^1 (cl osed-1 oop) 

^3 7l## ^-§-^Pl ^^flA-1^ 7l^l^ol ^>%> ^301 ^Al^flig^ u]^ ^>JZ 

oiojol: ^1-^Cil, FDD (Frequency Division Duplexing) SH^IlAl^ ^1"^>%^ ^fl'i^ ^3ll- 
^ Tzfl^ol TZ}^^^ o]^ ^"^o] ^11^^:S.# y]^]^^] ^^"^^W ^o]o\n]; ^TZ}. 
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ol ufl 5X]H^-^ ^i^ol ^S.^ ^1^^ ^o]\7\ s]^^ 5XlH^Jj 

<5> ^e^ol;^ (blind) ^^S^ 

^fl^^ ^^>^ #7^1 -^^mi^^ ^Hi ^fl^# ^^^>f^ ^-§-^ 

e>%> ^3 ^1-^ o] ^fl^^ ^>:^^ (reciprocity) # 

o]^t\7] Tlfl^ofl 3l1:^ii]1 ^:i7l- €^^1-^1 ^1^^ ^>^ol Si^l^^V. ^tl7l- ^A] 

^fli^T^o] (instantaneous channel variation)^ ^^^] S^^JE.^ tq-oltfjAjE^ o]^^ 

o] ti] ^o^q-JZ ^fl^^ ^^fl ^qn^Ji # (feedback rate):£ ^oj-^l 

o>t|lL+ ^>71M- ol^^flo^ ol:=-^:£7> fe^ ^-^ ^^^^ 71 ^# ^-g-^> 

<6> 3GPP(The 3rd Generation Partnership Pro j ect) ol] A] JL^^ 7l#^ 

^i^^ ^^IT^I ^^7l 5X1 (long-term feedback) o] 7>^t> ^fl ^ 4^ 
^fl'i ^ol^ll U^Sl- tf7l 2] (short-term feedback) o] ^o.^>^ln} 

^i^ol ^^S]^ n^olH^AlE] (selection diversity)^ ol-g-*>^ 

7> ^^^>^1 ^fl^^ (spatial covariance 
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matrix) # oj-g-^l-o^ -t->H1^ Ji-^-S-H (dominant eigenmodes) # n^^j-o^ iZlH^^l^lJl, 

^fli^ ^o]^ ol-g.^>o^ JZ-^S-H # ^il^ ^o^?]- JZ-^S.H(the strongest 

eigenmGde)# ^>%> -i-sfl ^>^^^t^, ^l^l^o] ^i] ^ ^J^> Ji-^SH# ^^*>o^ 

<7> ^w}^^^ ^>till4 cH^iflol^ ^^^^1- ^o\] ^7] 

t}B.^ ^^ofl >L>^# (local scatters) o] o^,^ ZL'^lB.^, ^\^^ ^3. ^fl^^ 

4^^^ (spatial correlation) o] ^Jl ^ 7flo] -T-^^lt> JZ-^-S-H (dominant 

eigenmodes)# . o] nflo^ JZ-^S.H^ ^1^1^^ ol^^^l^>^ ^^S^-Ji ^> 

<8> aH-iM-. JZ-^^^^ OFDM Al^B^ofl ^-g-^>^ Zl- -^«>^3Il- 

<9> s. i^>^ol ol^ji^> t}^ ^^il^ ^y]^ sfl^epl 

^M, ^ ^^^^ OFDM Al>:B^o11 ji^^ ^ 
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fMl-T^Ol -LAJ Til ^>^1 
L =s o — 1 \^ o ^ — I o J 

<io> ^1-71^ ^^^>7l ^ ^^^^ ^>M-^ ^^^1 MIMO-OFDM A] 

<ii> L 7fl°i ^>yo>tiiun- M 7fl°i ^^^^ 

# ^^^S. 5XlH^^>^ 5XlH^^l^^l# a?]"^!-^ MIMO-OFDM -^1^^^^^ 

-A]:^ ^A>7l^-^E1 #^=1 ^^S] JL^^^ JZ-^S-H ^ 

<ie> A>7l ^3^71 oil ^5fl ^Jll- ^^^^o]- OFDM ^5^^>^ 

<17> ^>:g ^ ^^o]] xcf^ MIMO-OFDM A]^^^ 

<18> 7)\^ K7ll°l y>^^ 

i^si^7i ; 
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<2o> ^^^^3. ^fl^^:s.# ol-§-^>f^ ^^1 ^fl^ ^^^>^ ^^^> 

^1-^1 ^^^> Jl-n-^m^^o^ '^ .Ofl^ -¥->ll*> Ji-^^ ^A] 

<22> >y-7l Jl-^S-H ^3^7] oil o^nfl #^=1 ^^^l-ol- OFDM ^3^^>^ 

<23> oj-^floflA^^ ^^t> ^^Jl^ ^l-O^ ^ ^^^^ oil oil Cflel-O^ ^ ^^^Ol 

^ ^^^^ o^^-i ^>oif> ^Bfl^ ^ Si^D^ o^^loll^^ 

^^>^ ^Alo^jofl ^^^^7] g>^i^. :£i3oiiAi ^ ^^^Ml -^^^Pl ^^n^i 

^^-^ ^3^^>Si^. ^^o\] tfloflAH^ ^ 

<24> ^^o>tilu|- L, ^^oVBiiq- MO] (Single carrier) MIMO A] 

^i^^oll^H, gri^^fl ^^>^ (r(q))^ 1^ 

<25> I 

rC'?) = V/H(c7)w5'(^) + n(^) 
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<26> 



<27> 



[*1(^)LjJ =''^m7 ^ m = L--sM, / = !,•••, ^fl^# q-E^^uflu^ , w (= C^'i - • • ■ ^ ^^^^ ^ 
^tiojji ll^ll = 1 ojel- 7>^t>ut. ZL^JL, ^^^^ 
n(q) ( "<^ > ~ [^'1 ^ ^^^ jv-r V" <; ^x>" <;^x>J= ■ ^ 

<28> ^^>^ loll ^^fV r(q)^ 3]T:fl^ 3]^^ 

7\%7\ laiE-i^ ^fl^o] ^^>L> RH(q) ('^H <^'5') = ^[w^ C^)W(^)J ) 

^ Jl'n'-^l (maKimum eigenvalue) i^-^^^ JZ-n'^t] (maximum eigenvector) o] 

<29> 13 ( i-j^ 

•*TTVt/^-«TT (R|i^ ;^>7l ^:7l- ^«.A> (long-term spatial covariance 

.triK)ol£l- ^>T3, :^>7l ^^>L> ^"^ 1^^^ 2^ ^ 



mal 



<30> 



[-*>Ai 2] Rh -(l-p)RH+pR.^r(^) 



o]-^>(forgetting factor) oju^. j7-^i|l^>g ^>7l ^^j-o^ t^-g-^ ^'i 

# (eigendecomposition) ^1-13 ^^^^ 3# ^ 3X^ . 

<32> 

l^^M 3] = EDE 
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glDoIJZ, (eigenvalue) oju^ , -i-i >- ^2 - - • > ^/J , ^ ^'ofl tfl-§- 

^^^^ ^l^l^ol ^^^^ ^ioll 7l^^>o^ 7>^> ^ Ji-^^loll tfl-i-^^^ -T/^^^fl^l 

>11^> §1-01-1^ UtJl 7l-^^>i3, ^^^1 ^^^> ^^^1 13^1-:^^ 01 

J7°-W1 lifltll- ^^^Pl ^(feedback rate) ^71] Tl^ , o] ofl irl-S]- 31I 

(amount of f eedback) ^7]] . o]jCi\ , JL^"^ ^t]^ ^>*> ^3 ^ 

^t-i^ A>-g-SlJl, ^^^o] oiol 01:=- T^+^l^^^ ^11^ ^ 

^^^^ ^/7fl°] Jl-^«1 ^tl^ ^>7l 211 ojT^ (fast fading) o] 

-^i^E] (best eigenvector)^ ^^^l" ^ H^J^ . ^l^^o] JI-^t^IeI 

tfl^l 1^71 #nfl ^ 01 1^ 

<36> II Ii2 

w(^)= arg max ||H(^)e,,|| 

^^""^ o^^l^H, ^^1 slH^Jl^oii yjnfl ^^1^1- tf^^l ^^'-Ofl^l ji-^iai 

^oflAH s:\^s] ^# ^ol:^.^ i*^S2(^r>ofl #5z}^>i^. 

<38> a^-i M- . SJ^H ^ ^ ^^ol . ^ ^ ^ OFDM A] oil -g-ei-^ ^ , 

^1- ^i^>*3i1-7> ^311-^ allolT^ ^fli^ AVcHl^H ^> 

26-10 



^oli^. ^ 

^>^# 111]^^^, Jl-^^t]^ JZ-^^^^ OFDM Al^E^dl 

^i-^^l s^f^o] 7i#oi# :iolji^l- ?>i^. 

<40> -^7> L, ^-yoVtllul- ^71- MO] MI MO-OFDM Aj^^o^ ^ol] ^j- 

^^^^ ATxl OFDM 7>^^1 T^lt] s(0o^ ki^^fl 



<42> 



<43> 



[-^>^ 5] ^^^^ " ^2(0 - y^K{t)]m 



<44> yizf ^>yo>tilM- iff^> ^fl^^ -§-^^ 1^^^ ^^^-^ eiif ^>i:+ 



<45> ^ yui_] 

<46> 0^71^-1 , 
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%^ (Channel Impulse Response, CIR)olD^, ^fli^ ^ ^1 



<47> 



7] 



<48> 



I I 1 



R 



(power delay profile)^] 



5 J 



^ p,m,s^p,m 



<49> 



.^M 7011 o^ufl (normalized 



spatial covariance matrix) 



(multipath coef f i ci ents) o] A] ^ ^^^^ o] ^i^Jl *> Ttfl , k^l^fl ^^>^3q^o11 

^^>^ MI MO ^11^ ^^^^ 8^ ^^o] M-El-i^ ^ Sii^. 



<50> 



8] 



<51> 



aH-i^S. ^sii^^^^^l^H ^fl^ ^^^> ^^^^ 9^ i-h^^ 



<52> 



9] 



= ^[hI' H 



H 



k 



H 

k "A: J 



<53> 
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<54> 



10] 



A-; 

= Z i^" 
^=1 



M ^-1 r * 1 



2 



p=0 



/-'-I 



<56> OFDM A]^^^ Zl-71 tq-^ ^51}-^- -fj ^ ^ ^ll ol ^ # ^^1 =1^^ 

-^l^>#3ll-Dl-U+ ^fl^ ^>711 H]^lT^>, ^^>A1 6, 7, lOoll o1^>T3 

^fl ^il>*5Xl-o] A\y\<^^% ^Ajoll oi-g.§> 2^1-^ ^^oii^^ ^^>^> 

A] ^> (averaging length) # #0^ ^fl ^ i^Sl-ofl ^ 

tfl-§-m ^ 3X^. s.^ 511-71- ^^?]- ji-^^Ei ^-^*>:b.^ 

alH^Jl ^i^ol sl^l i^+^i^>#5i1- Al-^t^o] ^>o>-Al:5.^ OFDM 
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<59> ^ 1^ ^^3] ^^11 ^Ajolloll MIMO-OFDM M-^l-ufl^ , 

FDDS-Holl^H ^ ^fl^^ m^^o]r\_ 

<eo> ^^^\^, ^ "U^^ ^ill ^^lollofl MIMO-OFDM ^1^^^^ K^fl^^ 

OFDMAl^B^ o^^A-j ^ L7ll^ #^^>t|iq- (131a, 131b ■■■,131L)# 
^(10), M 7fl^ 1^(231 a, 231b ■■■,231M)1- ^^^(20) ^ ^^^(20)^ 

^^^(10)^ 311:^^-31^1-^ ^^^^3. 311 :b«-31^>^1 (40)1- siJ-?>i:+. 

<61> ^Aia.(io)^ ^^/^^ ^fi-^1 (S/Pi^fi-71) (100) , ^^^M^] (Copier) (110) , JZ 

(Eigenmode generator) (120) , ^ ^^1 oil fj-^l (Inverse fast Fourier 
Transformer) (130a, 130b, ■• , 130L) ^ #^ ^>t|l uj- (131a , 131b 131L) # 

<62> ^Aiw.(20)^ o} til 1^ (231a, 231b 231M) , ^^^Itiiq- ^ (M) ^^2] ^ 

e1olli^S>7l (Fast Fourier Transformer) (230a, 230b, ■■■ . 230M) , ^1^>7l 
(Eigenbeam Calculator) (220) , ^#^#7l (Detector) (210) ^ ^ ^ ^ ^?^7l (P/S 
^^7]) (200) # ^?]-^>i:q- 

<63> ^^^(10)^ ^^/^^ ^^1-^1(100)^ ^^>^3l1-ol 711 -^-(K) ^>^^ 

K7il°l y>^^ ^i-^lol^l, ^:i:^^>^1 (110) ^ ^^/^^ ^^y] 

(100) oil ^611 K7fl^ -yjldOla, 101b, ■■■,101K)# ^^^Jtiiq- ^ (L) ^ 

^ ^A}tf\^ -^>7^1oii:^. ^yj^^Apl (110) ^^tl ^^1-^:5: Ilia, 111b, 

■■■,iiiL^ ^^m^ (y=i.2. ■■■ .L) . 
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<64> JZ-^S-H^J^^l (120)^ ^^-^(20)°] JL^^n^7] (220)^^^] ^l^Vsjol ^^^^ 

^J: ^^Pl (110) -yjildlla, 111b, ■■■,111L)°1 ^3^^\ 

^±o\] o]B] ^g^^ ^fn^ IL^R.^ #oll 7>^> #^ ^ ^1-1-+^ JZ-^ 

(coherent time) Vi\oW i^B.'^^B^ *>1^ . ^' ■* JL^S-B.^ JL^^^S^ 

<e5> L 7fl^ ^ ^e] oil i^S>7l (130a, 130b, ■■■ , 130L) ^ K7fl^ ^^^^o> 

^>l^^ OFDM ^J^efl ^V^lojD^, ojTtfl, >y-7l L7fl^ ^^e] oil 1^51^71 (130a, 

130b, 130L)o11 £]t]\ ^3^^ OFDM S.^ ^^^>l^. ^ ol] S>7l cH] 

5fl ^3^^ OFDM oVtiiq- (130a. 130b, ...130c)l- #5fl ^^^1:+. 

<66> ^^^(20)^ oil i^S}-7l (230a, 230b 230M) ^ M ^-yo>tilM-# -i-c^fl 

zi-zv oi^y>o> ^e^oi] i^sj-^ ^^j^]-o^ K7fl°] >y5:(22ia, 22ib, 

221M)# #^^>7ll =11:+. Jl-^i|l7ll>y-^l (220) ^ olli^si-^l (230a, 230b 230M) 

t1 #^=1 ^^o]] zW^\o] ^fli^^^^ ^l-o^ 2011 S]^]\ ^fli^ ^^-y-^ 

^^^> ^^1-^ 3# oj-a-^fl ^'.Ofl^ -?->ll*> (dominant) JZ-^ ^ 
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^^>^ ^>^ioiu+. oi nfl, ^^^> mm- looii s]t)\ ^m^i -^y># 

3l]-o11^H°> ^^l-^M-, ^«>#5lt^ ^5l]-^<g^IZf Al^><g^# ol-g-^V 2 

<67> ^#^#71(210)^ JZ-^^ 711 >L>7l (220)011^1 ^<>l^ Afli^ ol-g-^M 

^(10)°1 >y:£^A>7l (llO)oll oi^^ K ^AHl :g#5ll ^l-^lolol, 

1^5^71 (200)^ ol5 y>^^ ^l^^loltq-. 

<68> SlH^Jl ^1-^1(40)^ n^^^(20)°l Ji-^^7ll-y-7l (220)oflA-l ^o|^ JZ-^ 

^>^ioii:^. ioo\] s.^ ^«>#3ii^7> ^^^> jz-^^^^ ^Ei# ^-^^>:^ 

^, 5ll:^iifl*> Ttfl ^^>#5I1-1- Ol-g-*> ^O] el-M-^ ^^>^3I1-1- #611 ^^^^ 

e>>|ui- 3ii:^iifl ^> ^^>^3ii^<^l M-^f>l 3ii:^Tifl^>o^ 3il:^«J1 ^io!# #^ 
sii^. a^-ii^ ^^1 Afl^i ^^>L>^ ^«}*3i}oii Tc^ei- t}^:^^ ^^^nm #5il 

<69> o]s\ y^o] ^iU ^AHHi Tci-sT^, j7-^i|i^^oii ^o^tl- ^^^> 

S-^ ^^>#3l-o1lA-l 711^]-%^ €-2. g^ol ^l-q-ol H.y>^3X^o11Xlii!- ^^>^^ 7ll A]-^ 
# ^^1^1 ^ Sil^. :^^>. ^^^1 -^^>^3I1-S1 ^511-^^ ^IZ} Xl7>cg^^ ^^Hl O] 

-g-^> 2^1-^ 'S^oflAl ^^A> ^*]-^^ ^^^1-^ ^1^># ^11^ 

oil ul^ :^:=.^o^^ T^^*> - oli^ - ^1 ^ ^-^71^ ^ ^^l" 

7i^^ti 3ii:^ii]ii|>o>oi: ^1-^ FDD s.:^oiUH . ^^>#3i1-^ jz-^^^^ ^ti# 311:^ 
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<70> ;c 2^ ^il2 ^Ajolloll TCl-=. MIMO-OFDM Aj^t^^ M-^l-ufl^ , 

TDD (Time Division Dupl exing) ^ ^fl^^ 

<V1> :£ 2# %^^^>i3 , TDD ^fl^ (channel reciproci ty) ol] efl ^fl 

^^Al w.ofli^> 

<72> ;£2o11 TT^^T^ , ^^S] ^il2 ^Ajo^lofl irl-s. OFDM ^1^^^^ K^fl-e^ -^^l^Sl-^ 

MIMO-OFDMAl^Bfl ^^^olt+. ^e^Ji. ^ ^^^^ ^Ajo^lofl v[\^ ^>yw.^ 7] 

<73> 2# %>^^>i3, #^-^^(30)^ ^^/^^ T^^^^l (S/PTd#7l) (300), >y:^^A> 

(310) , (320) , Ji-^S-H^^^l (330) , ^ ol] Sl-71 (340a, 340b, ■• , 

340L) ^ L #>y (341a, 341b •■•,341L)# ^^J-^j-Ji , Ji-n"^^^^ 

<74> ^^^(30)^ ^^/^^ ^?>?1(300)^ ^^>^3I1-^ ^fl^(K) 

K7fl°1 y]-^^ ^^^lolTi^. ^:^^Al-7l (310)^ ^^71^ K7fl°1 

^:^(301a. 301b, ■■■.301K)1- ^^^Vtiiq- ^ (L) '^^]o]Tz\, 
<75> JZ-^^^l^>7l (320)^ 71^1^ ^^-^(:£^1=1^1 S^w)^l^H "^o]^ ^"4 

ol-g-^>o^ 2o\] ^A] ^^^^ ^^\JL, 
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^^^> ^n^-A 32f ^>ol j7-^^*>^>o^ '''/7fl°l All t> (dominant) H-n-^ 

^^^>^ ^^>#5i}^^ ^^>Ji ^^^> looii °]5fl -^y># 

3I]-^1^H°> ^^MM-, ^«>#5lt^ ^5l]-^<g^Z7f Al^><g^# ^^]o\] ol-g-^V 2 

"^^oIl-H n^?]-!^. ^^1 ^^^-^ ^^IcH^lH Al^> (coherent time)i^o11 ^ 

Hj-^ ^tilolH^l-^ , ^^^1-^ ^l^o] €-2.^>:5-^ 

JZ-^S.:B-a^7l (330)^ JL^'^n^y] {S20)o]]M ^ o| ^ "' -OflS] 

?>7l (340a, 340b. ■■■ , 340L) ^ K7fl°] ^^^>c^ ^>M^^ OFDM ^J^sfl 

^ ^V^loju^ A>7l L7fl°l <^ oil i^S^7l (340a, 340b, ■■■ , 340L) ofl £]t]\ ^g^^ OFDM 

<77> ojAVollAH^ S. i^VTgo^ ^ A] oil oil ^ ^^^^ ^1-^1*1- ^AHlofli^l- 
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<78> ojAVoflAH ^^t]- ^^o] _ i^VTgofl nq-HT^ JZ-^^U^^ OFDM Aj^^t^ 

^fl ^1L>^3I1-^ Al^><g^# ^Aloll ol-g-*> 2^1-^ ^^^l^H ^^^> 
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[^^%^ 1] 

# ^^^1 ^^^^ 3l1:^Tifl^>^ 3l1:^iifl^>^l# SlJ-^l-^ MIMO-OFDM ^l^t^cHl 

^A>7l^:^El JL^^^ JZ-^S-H ^ 

^5 ^71 oil o]ofl ^^^l-ol- OFDM ^5^^>^ 1^ 

^^5^o11i^S>7ll- S^^e]-^ MIMO-OFDM Aj^^l. 
2] 
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tijolH^l-^ ^# ^^^^ MIMO-OFDM Aj-^^. 

[^^%^ 3] 

A>71 ^>y«.^:^E-1 ^^o]] tfl^>o^ ^fli^^^^ ^^o^ Afl^i ^^-y-^ 

^^^> ■'' .Ofl^ -^>llt> Ji-^ ^^>^ jz°-«l 711>L>^11- S 

^^}^ ^# ^^^^ ^1-^ MIMO-OFDM Al^^l. 
4] 

^1 -g-^ ^^>#5I]-o11xHn]- ^^}^ ^^^^ ^1-^ MIMO-OFDM 

[^^%^ 5] 

^l^>'g^# ^^lofl ol 2^1-^ 'g^oll^-] ^^1-^ ^# ^^^^ MIMO-OFDM A] 

T=l - 
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6] 

S^lol^iH Al:7> i^^l ^Al ^fl^i ^^>L>^ ^^\o] ^7] >y-%>^3 

^^>o^ 3l]H^Ji ^1--^!^ ii^^ ^# -^^^^ MIMO-OFDM Aj^t^. 

[^^%^ 7] 
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